The field-induced magnetization reversal mechanism in CoNi/Pt multilayers was studied by magnetooptical magnetometry and microscopy. Nucleation or domain wall dominated types of reversal were discussed as a function of the multilayer microstructure and thickness. The preparation conditions and characteristics of the best multilayer structure for magnetooptical recording are determined.
Introduction
CoNil Pt multilayered ultrathin film structures are promising media for high density perpendicular magnetooptical recording I). It has been reported that CoNil Pt multilayers can provide a better write sensitivity and a higher number of write-erase cycles compared with Col Pt multilayers since their Curie temperature is reduced 1)-3). A systematic study of the static magnetic properties of CoNi/ Pt has been recently reported 3)-6). Moreove:, their o?tim~zation for the~o-ma~netic writing of small mformatlOn bits has been achieved·). As a result, it was found that the uniformity of the written domains was essentially due to the sample microstructure. The infield magnetization reversal process is known to be strongly dependent upon the film morphology and microstructure 7). In this paper we report on a dynamic study of the magnetization reversal in three types of Co o . 4 Ni o i Pt multilayers based on the magnetic aftereffect phenomenon and the time and field evolution of the magnetic domain structure. .i.
Field H (kOe) Fig. 1 Polar Kerr eIlipticity hysteresis loops for samples A (a), B (b), C (c) described in Table I , measured at wavelength A. = 543 nm.
Samples and hysteresis loops
C004Ni~61 Pt multilayers were prepared by magnetron sputtering·},4). The characteristics of the three studied samples are reported in Table 1 . They were deposited at two different argon pressures on silicon substrates. Previous and present measurements have shown that their magnetic properties do not depend much on the nature of the substrate 4). All these samples exhibit large perpendicular magnetic anisotropy as proven from their magnetization hysteresis loops measured by magnetooptical polar Kerr ellipticity (Fig. 1) . The samples A and B, deposited at a low Ar pressure (1.6 x 10-2 mbar), exhibit rather square hysteresis loops, in agreement with nucleation field values larger than the domain wall propagation field. The higher coercivity of the sample B is attributed in part to the thicker Pt buffer layer but more to the larger thickness of the individual Pt layer 3), 4). The modification of the number of CoNi/ Pt bilayers affects the coercivity a little but causes more significant change on the tail of the hysteresis loop 4). On the contrary, for the third sample C, deposited under a higher Ar pressure (4.0 x 10-2 mbar), the hysteresis loop becomes rounded and exhibits a higher coercivity. This large coercive field value cannot be explained as due to the Pt buffer or individual Pt layers 3),4), but is clearly related to the fact that high Ar Rressure favours a columnar microstructure in the film . These samples were chosen in order to investigate the magnetization reversal dynamics in specimens exhibiting different hysteresis loops.
3. Results and discussion 3.1 Magnetization reversal and magnetic after effect.
In the magnetic aftereffect measurements the samples were first saturated in a large field (6 kOe), applied normally to the film surface. At time 't = 0, the magnetic field is reversed to a negative H value, smaller than the measured coercive field He ( Table 1) . Even for H < He the magnetization reversal already occurs through thermal activation. The subsequent magnetic relaxation, or aftereffect, was then recorded by polar Kerr ellipticity, over a 0.1 mm 2 sample area, as a function of the lag time ' to Typical magnetic aftereffect relaxation curves for the three considered samples are represented in Fig. 2 at the considered 1500e/s field sweeping rate (Fig. la) .
The quadratic time dependence of the magnetic aftereffect in the first stage of the reversal is well explained in the case of a pure wall motion dominated process 8). The important sensitivity of the relaxation to the H value is also consistent with the rapid switching of the magnetization (Fig. la) . For sample B, even if a similar magnetic aftereffect behaviour occurs for H < 1030 Oe (Fig. 2b) , at a higher field the relaxation tends rapidly towards a magnetization value which is far above -Ms.
The latter behaviour means that the domain wall motion is then slowed down due to the progressive reinforcement of the wall pinning energy by magnetostatic effects. This comes essentially from an increase of the number N of COO.4Nio.i Pt bilayer blocks (N = 10 and 20 for samples A and B respectively), as supported by the long-tailed hysteresis loop up to Hs = 1.8 kOe. On the contrary, the magnetic aftereffect curves for sample C (Fig. 2c) differ markedly from those exhibited by samples A and B. The shape of the hysteresis loops (Fig. 1c) , and the magnetic aftereffect curves (Fig. 2c) of sample C indicate a magnetization reversal process dominated by a large nucleation rate 7). This last process depends only on the distribution of nucleation energy barriers since domain wall pinning energies are too large to be overcome. The magnetization of the whole multilayer can be completely reversed only in large applied fields.
A better description of the magnetisation reversal dynamics can only be done from a direct visualization of the time dependence of the magnetic domain patterns under different field values. 
Domain imaging
The observation of the domain growth process has been realized by magnetooptic microscopy with good spatial resolution of 0.5 /1m, using a charge-coupleddevice (CCD) camera and image processing 9). Images of the frozen domain patterns were recorded in the remanent state after applying successively an initial large enough field to saturate magnetically the sample and an inverse field H during a lag time 'to The time dependence of the domain structure under H = -550 Oe for the sample A over a 22 x 22/1m2 area, is given in Fig. 3 . This structure is initiated from only one nucleation site located inside the investigated image area (Fig. 3a) and the domain expands rapidly and quite homogeneously, over the sample (Fig. 3b,c) . Even for such a sample (A) with a square hysteresis loop, the domain wall motion is slowed down in the final stage of the reversal process (Ms < M < -0.95 Ms)' as can be detected, for example, on the magnetic aftereffect measured at 617 Oe (Fig. 2a) . At long time, the image (Fig. 3d) clearly shows some vestigial non reversed regions, due to dipolar effects and to some few extrinsic defects. The magnetic domain structure of the sample A, observed at a given time'! = 10 s, depends drastically on the field (Fig. 4) , in agreement with the perfect squareness of the hysteresis loop (Fig. la) and the fact that H and In'! play the same role. Our data can be compared with previous magnetisation reversal studies in Sil SiN(85 nm)/ [Co(0.3 nm)! Pt(l nm)]N structures with N = 8, 16, 30 to) There, the cobalt layers being thinner than in our present samples, a more uniform domain wall motion is favoured. As in our study, an increase of N results in a higher domain wall fractality .
.. .. ; . . For the sample B, the magnetization reversal mechanism discussed above is still confirmed from direct imaging of the time dependence of the domain structure (Fig. 5) .
After nucleation at few sites the domains develop more dendritically than in the case of sample A (Fig. 5a-c) and the structure is much more lacunar at long time (Fig.5d ). The change in domain shape between samples A and B, which corresponds to an increase of dipolar effects, is well described by simulations 11) The variation of the domain structure with field for a given time 1: = 10 s is given in Fig. 6 , up to the beginning of the loop tail region (Fig. 1 b) .
The observed domain pattern is close to that reported by transmission electron microscopy 12} in the Si! Pt(27.5 nm)1 [Co o . 5 Ni o .s(0.9 nm)lPt(l.l nm)J17 multilayeL
As already indicated by its hysteresis loop (Fig. le) , magnetisation reversal in sample C is dominated by the nucleation process and, excepting noise, no local contrast can be detected on the magnetic image (Fig. 7) , even at our 0.5 J.im spatial resolution. As it has been already reported in ref. 4 ).5), the nucleative reversal process in sample C is highly favoured under high Ar pressure preparation conditions.
Conclusion
Domain nucleation or wall motion dominated processes have been studied in different types of COoANio.i Pt multilayers during the field induced magnetization reversal phenomenon. Samples with uniform domain wall propagation and very square hysteresis loops are required for magnetooptical recording applications. The thermomagnetically written small reverse domains must have very sharp boundaries. The sample A has been optimised for thermomagnetic writin~, as checked previously by magnetic force microscopy . This type of magnetization reversal process occurs in multilayers with dense grain structures. Such muItilayers have to be deposited at low Ar pressure. Moreover, too large magnetostatic effects have to be excluded for obtaining high bit densities; this is realised in multilayers 90 with a small number N of CoNil Pt periods at the expense of the amplitude of the reading signal. When dipolar effects are present, the hysteresis loops, could still be very square but their extended tails reveal a non uniform growth of domains, which is directly evidenced by magnetic aftereffect and microscopic imaging studies. On the other hand, a nucleation dominated reversal process, which produces rounded loops is undesirable for magnetooptical recording 6) . This last situation deals with particulate or columnar microstructures appearing when the multilayer is deposited at relatively high Ar pressure or treated by thermal annealing.
